Background: When treating extensively burned patients using cultured epidermal sheets, the main problem is the time required for its production. Conventional keratinocyte isolation is usually done using Trypsin. We used a modification of the conventional isolation method in order to improve this process and increase the number of colonies from the isolated epidermal cell population. Purpose: To compare the action of trypsin and thermolysin in the keratinocyte isolation using newborn foreskin. Methods: This method used thermolysin as it selectively digests the dermo-epidermal junction. After dermis separation, the epidermis was digested by trypsin in order to obtain a cell suspension. Results: Compared to the conventional procedure, these experiments demonstrated that in the thermolysin group, the epidermis was easily detached from the dermis, there was no fibroblast contamination and there were a larger number of keratinocyte colonies which had a significant statistical difference. Conclusion: The number of colonies in the thermolysin group was significantly greater than in the trypsin group.
Introduction
In the last few decades, there have been major developments in skin cell culture (Prunieras et al., 1976) making its experimental (Rheinwald and Green, 1977; Rheinwald, 1980; Pasch et al., 1999) and clinical use (Gallico et al., 1984; Cuono et al., 1987; Boyce et al., 1993; Tompkins and Burke, 1996) possible. The disadvantages of this technique are still related to its high costs and time required for keratinocyte culture (Morgan and Yarmush, 1997) .
Proliferative keratinocytes are small epithelial cells, located at the top of the epidermic basal membrane characterized by a low division rate (Green, 1991) . When enzimatically treated for serial culture, many of these cells will not be able to develop colonies, due to their state of differentiation. Only 3 to 4% of the keratinocytes can form colonies, even in excellent culture conditions. The formation and confluence of the colonies are directly related to the keratinocyte layer produced, which will be used as a graft (Leigh et al., 1994) .
Nowadays, the most widely used method involves digesting the skin with trypsin (Rheinwald and Green, 1975) . As the dermis is still present during this proce-dure, some fibroblasts may be isolated. Although keratinocytes constitute almost 90% of the dissociated cells, the fibroblast growth potential in the culture makes then undesirable contaminants (Karasek, 1983) .
Various alternative methods have been described in order to separate keratinocytes from fibroblasts. The most effective of these methods seems to be the enzymatic separation using proteolytic enzymes (Karasek, 1983; Walzer et al., 1989) .
Various enzymatical methods for dermal-epidermal separation have been described (Tompkins and Burke, 1996; Morgan and Yarmush, 1997) . Trypsin separates supra basal hemidesmossomes often leading basal layer cells still attached to dermal pieces.
In 1977 a new enzyme, produced by Bacilum termoliticum was described as an alternative method for keratinocyte isolation. It seemed to be more effective than the other enzyme protocols (Henrikson, 1977; Feder and Schuck, 1977) . Thermolysin selectively separates desmossomes (Green, 1991; Leigh et al., 1994) . Probably due to this characteristic, this enzyme is able to separate the skin at the basal membrane zone level. Some authors have proved that thermolysin is able to produce an efficient dermal-epidermal separation (Walzer et al., 1989) .
Some experiments using adult patient skin biopsies comparing thermolysin and different methods were done previously. Hyperproliferative skin biopsies have also been used, as well as in animal models (Germain et al., 1993; Glade et al., 1996; Rijnkels et al., 2001) .
The literature suggests that thermolysin could be used in keratinocyte isolation successfully. This data can be questioned due to not many experiments having been done and the age of the patients studied differs so much from the control group.
In this experiment, the keratinocyte isolation method using trypsin and the treatment group using thermolysin followed by trypsin were used. The colony formation number from a well established age group of patients was also used.
The differences between skin biopsies processed using trypsin or thermolysin followed by trypsin were investigated and this will be demonstrated by a colony forming efficiency number.
Methods

Cultured keratinocyte
The cultured keratinocyte protocol was developed by Rheinwald and Green (1975) , which was used here with some modifications introduced in our laboratory by Gragnani et al. (2002) .
The protocol uses a feeder layer constituted by 3T3-J2 fibroblasts and they were seeded in 175 cm 2 flasks with a density of 500,000 cells per flask using 40 mL of culture medium specific for 3T3-J2 fibroblasts and exchanged once every two days.
The cell proliferation kept its genetic characteristic and was used as a feeder layer until the keratinocyte isolation occurred. The day before isolation, 3T3-J2 cells were transferred to 75 cm 2 flasks with a cell density of 2,000,000 cells per flask with 15 mL culture medium. Each feeder layer flask was prepared for each skin biopsy.
On the morning of the isolation procedure, the 3T3-J2 cells should have reached 50% confluency and then were treated with 15 µg/mL mitomycin C added to the medium for 2 hours, which limits proliferation of fibroblasts. After 2 hours, the mitomycin was removed and the flasks were washed three times with Dulbecco modified Eagle medium (DMEM). Afterwards keratinocyte culture medium free of epidermic growth factor was added, at least 2 hours before keratinocyte isolation.
The isolation procedure began on the morning when patients were submitted to postectomy. 1 cm 2 of foreskin was obtained and was sent to the laboratory in 50 mL Falcon tubes with 30 mL keratinocyte culture media free of epidermal growth factor. The fragments were processed for 6 hours after obtaining them.
The fragments were placed in 100 mm tissue plates with 1 mL of Phosphate buffered saline (PBS). The foreskin was dissected to take off all the connective tissue and make the cellular enzymatic separation possible. Later, the biopsy was placed in a 50 mL Falcon tube with 35 mL PBS solution and the tube was vigorously agitated for 45 seconds. This procedure was repeated 8 times with different PBS tubes in order to remove all contaminants.
Each fragment was divided into two. One piece was treated with trypsin (Green, 1991) and the other one was treated with thermolysin (Walzer et al., 1989) . Each fragment was placed in a culture dish with the respective enzyme, trypsin or thermolysin.
The first sample was placed in a 60 mm tissue cultive plate with 3 mL of trypsin and was sectioned into very small pieces (the size was approximately 0.5 mm 3 ) for almost 15 minutes. These small pieces were put into an agitator tube with 6 mL of versene and another 3 mL of trypsin resulting in a total volume of 12 mL. The use of trypsin (1-300) 0.1%, Versene or EDTA solution 5 mm and mechanical power helped the dermal-epidermal separation of the skin.
After 30 minutes, the supernatant of the agitator flask was taken. This solution with the keratinocytes was centrifuged (6000 rpm for 5 minutes) and re-suspended with 3 mL of keratinocyte medium. This medium came from the 3T3 J2 flask and was then seeded.
6 mL of versene and 6 mL of trypsin were added again to the agitator flask. By doing this the skin pieces, which were not enzymatically separated, would be treated and keratinocyte isolation occured. After seeding a second time, the flask was kept in a wet 5% CO 2 and 37 °C incubator and the medium was exchanged every two days.
The second part of the fragment was cut into fragments smaller than 5 mm 2 and incubated in a 500 µg/mL thermolysin solution and HEPES buffer for 2 hours at 37 °C. Afterwards, the dermal-epidermal separation was done with very delicate instruments. The epidermis was than processed using the same isolation procedure as described above.
After 12 days, both flasks were fixed with formol 10%, colored with Rhodamine B and microscopically counted.
After being treated with enzymes and before the dermal-epidermal separation using delicate instruments, a sample of each enzyme treatment was taken for a histological study to evaluate the skin structure.
Statistics
In order to verify the colony forming efficiency number of two previously defined groups, we used the nonparametric test for two non independent samples of Wilcoxon.
This test was used because the skin used in this experiment is the same for both methods in each experiment, only divided into two segments.
The rejection level for a hypothesis was fixed in smaller amounts or equal amounts to 0.05 (5%).
Results
These experiments were done on newborn human skin specimens. Two keratinocyte isolation methods were compared, using as control the traditional method described by Rheinwald and Green (1975) .
Skin from the same donor was used in each experiment, comparing the trypsin and thermolysin group. The first method consisted of treating the skin with 2 subsequent trypsin digestions. The second method consisted of skin incubation with thermolysin for 2 hours at 37 °C. Thus, an easy separation at the dermal-epidermal junction was obtained; the whole epidermis with a complete basal cell layer was then disaggregated with 2 sequential trypsin digestions of 30 minutes each.
In this experiment, the dermal-epidermal separation occurred in the thermolysin group and did not occur in the trypsin group. That data was confirmed using a histological evaluation. Thermolysin caused detaching in the basal membrane zone, causing selective hemidesmossomes digestion. Trypsin, on the other hand, made a random segmentation and digestion of keratinocytes (Figures 1 and 2) .
In the thermolysin group, there was no contamination with fibroblasts. However, this occurred in the trypsin group.
The colony forming efficiency was compared in both groups. Both techniques were able to produce viable colonies. The number of colonies in the thermolysin group was significantly greater and it could be seen in the average of colony numbers as well as in the rhodamine staining (Figure 3, 4) . 
Discussion
The use of the same skin donor was crucial in this experiment as the keratinocyte colony number to be genetically controlled has been proven (Popova et al., 2002) .
Despite the apparent simplicity of counting colonies, many authors have used this method. It is simple, but reliable. For example, it can be used to examine the distribution of clonogenic keratinocytes within the hair follicle (Rochat et al., 1994) , to evaluate the effect of radiation on keratinocytes (Cummins et al., 1999) and even affirm the number of keratinocyte colonies which represent a new genetically definable quantitative trait (Popova et al., 2002) In studies using thermolysin to obtain keratinocyte isolation, the thermolysin treatment produced a greater number of colonies, leading to an earlier confluence. This data suggested a consequent small cultivation time, as well as low cost (Germain et al., 1993) .
Other articles demonstrated an outright action of thermolysin in keratinocyte extraction from the basal membrane zone. Due to the specific action of thermolysin in the basal membrane zone, it becomes exposed and makes the following action of trypsin possible causing a more effective keratinocyte extraction (Walzer et al., 1989; Germain et al., 1993; Glade et al., 1996) .
As one of the problems involving skin culture is still the cost, alternative experiments are useful to develop most effective and less expensive techniques (Gragnani et al., 2002) .
More recently, other studies have been published using thermolysin. Its action to isolate complete pilosebaceous units were obtained by thermolysin digestion and inserted in this skin equivalent (Michel et al., 1999) .
In this experiment, the skin fragments treated with thermolysin were easily detached from the dermis, which did not occur in the trypsin treated group. Due to this separation, there was no contamination with fibroblasts in the thermolysin group.
Histological evaluation showed a separation at the level of the basal membrane zone, when the samples were treated with thermolysin. The samples treated with trypsin presented a chaotic separation, without a clivage plan.
The technique necessary to produce dermo-epidermic separation depends on the enzymatic concentration, temperature and thickness of skin samples. In the thermolysin group, the dermal-epidermal separation occurred before using trypsin, and the epidermis became more sensitive to the trypsin action, mainly the basal keratinocytes. Because of this, it is possible to extract a greater number of keratinocytes in the proliferation phase, and consequently produce a greater number of colonies.
Due to the specific thermolysin action on hemidesmossomes, the basal membrane zone became exposed. It makes more efficient the keratinocytes isolation by trypsin.
Other experiments should be done comparing different aged patients, using thermoliysin, as well as using different times of exposure of the basal membrane zone to trypsin. Other experiments could evaluate other cellular passages, which was not possible in this experiment because the colonies were fixed with formalin.
Very recently an improved method to isolate epidermal cells and to enrich stem cell populations was published. It involved trypsin-EDTA only, thermolysin, or dispase protocols. Moreover, the total number of colonyforming cells per square was used to analyse each group (Park et al., 2004) .
The use of flow cytometry with the optimization of protocols for cell sorting also compared thermolysin and trypsin, and their ability to preserve clonogenic potential of cells (Seegers et al., 2000) . However, there is no conclusion concerning which enzyme should be used, and it seems to be related to the type of marker used to study Keratinocytes (Van Rossum et al., 2002; Franssen et al., 2003) .
More research about keratinocyte isolation and characterization should be performed in order to provide an extensive growth potential and consequently clinical improvement in clinical use of cultured keratinocytes, but the efficient clinical use of this technique is now reliable and makes the protocol in less time.
